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METHOD OF DETERMINING AIR DENSITY 
FOR INTAKE AIR OF AUTOMOBILE 

ENGINE 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of determining 
the air density of intake air for an automobile engine. 
When an automobile runs in a high altitude area, there 

occur drops in power, hard startings of engine, mis?rings, 
knockings and the like because of a lower density of intake 
air, namely a smaller mass air?ow admitted into the engine, 
than when it runs in a sea level area. 

Commonly, in order to prevent these troubles in engines, 
countermeasures are taken so as to correct control param 
eters of engines according to the altitude where vehicles are 
operated by means of an equipment such as an atmospheric 
pressure sensor. 

In a recent example of a technology not employing the 
costly atmospheric pressure sensor, as disclosed in Japanese 
Patent Application Laid Open No. 1991-185250, there is a 
proposed technique that an altitude judgment is made based 
on an air amount ratio between an actual air amount and a 
desired air amount which is calculated from the standard air 
amount data predetermined according to the throttle opening 
angle or the standard air amount data predetermined accord 
ing to both the throttle opening angleand the engine speed. 

However, the abovementioned technique using an air 
amount ratio between an actual air amount and a desired air 
amount has generally a tendency that the change of an actual 
intake air amount is too slow to respond to the change of the 
throttle opening angle when a parameter representing an air 
density is calculated based on the intake air amount admitted 
into the engine at the transient operating condition and 
consequently the actual amount of air corresponding to the 
throttle opening angle is read to be too small. As a result of 
this, the parameter representing an air density becomes 
smaller than an actual air density, and therefore not only an 
engine control based on the altitude judgment but also an 
engine control based on the air density come out of a proper 
control range due to erroneous air density data. That is to 
say, in this technique using the air amount ratio, it becomes 
di?icult to measure a correct air density even under the same 
atmospheric pressure, when the vehicle runs at the rapidly 
changing operational condition. 

SUMMARY OF THE INVENTION 

Taking foregoing disadvantages into consideration, the 
present invention has been made. 
An object of the present invention is to provide a method 

of determining an air density of intake air admitted into an 
automobile engine without using an additional hard ware 
like an atmospheric pressure sensor. 

Another object of the present invention is to provide a 
method of determining an accurate air density of the intake 
air under any operating condition of the engine. 

According to one aspect of the present invention, there is 
provided a method of determining an air density of intake air 
admitted to an engine including an electronically controlled 
fuel injection system and a throttle valve for adjusting an 
amount of said induction air, the method comprising the 
steps of: . 
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2 
detecting a ?rst predetermined operating condition com 

posed of a plurality or engine and vehicle operating 
conditions; 

counting a ?rst detecting time during which the ?rst 
predetermined operating condition is detected; 

detecting a ?rst fuel injection amount each time said ?rst 
predetermined operating condition is detected and 
accumulating the ?rst fuel injection amount; 

detecting a ?rst throttle opening degree each time the ?rst 
predetermined operating condition is detected and 
accumulating the ?rst throttle opening degree; 

detecting a second predetemiined operating condition 
composed of a plurality of engine and vehicle operating 
conditions some or all of which are different from 
engine and vehicle operating conditions of the ?rst 
predetermined operating condition; 

counting a second detecting time during which the second 
predetermined operating condition is detected; 

detecting a second fuel injection amount each time the 
second predetermined operating condition is detected 
and accumulating the second fuel injection amount; 

detecting a second throttle opening degree each time the 
second predetermined operating condition is detected 
and accumulating the second throttle opening degree; 

obtaining a ?rst average fuel injection amount by means 
of dividing said accumulated ?rst fuel injection amount 
by the ?rst detecting time when both of the ?rst 
detecting time and the second detecting time reach a 
predetermined time; 

obtaining a ?rst average throttle opening degree by means 
of dividing the accumulated ?rst throttle opening 
degree by the ?rst detecting time when both of the ?rst 
detecting time and the second detecting time reach a 
predetermined time; 

obtaining a second average fuel injection amount by 
means of dividing the accumulated second fuel injec 
tion amount by said second detecting time when both of 
said ?rst detecting time and the second detecting time 
reach a predetermined time; 

obtaining a second average throttle opening degree by 
means of dividing the accumulated second throttle 
opening degree by the second detecting time when both 
of the ?rst detecting time and the second detecting time 
reach a predetermined time; 

calculating a ratio of the ?rst average fuel injection 
amount versus the ?rst average throttle opening angle 
and designating the ratio as a ?rst parameter; 

calculating a ratio of the second average fuel injection 
amount versus the second average throttle opening 
angle and designating the ratio as a second parameter; 

calculating a ratio of the ?rst average fuel injection 
amount versus the second average throttle opening 
angle and designating the ratio as third parameter; 

calculating a ratio of the second average fuel injection 
amount versus the ?rst average throttle opening angle 
and designating the ratio as a fourth parameter; 

calculating a weighted mean of the ?rst parameter, said 
second parameter, the third parameter and the fourth 
parameter by multiplying an appropriate weight factor 
to each of the ?rst, second, third and fourth parameters 
respectively and designating the weighted mean as a 
determination parameter; and 

determining an air density of induction air by referring to 
a map parameterizing the air density and the determi 
nation parameter. 
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According to another aspect of the present invention, 
there is provided a method of judging whether or not an 
engine is operated at high altitude, the method comprising 
the steps of: 

detecting a ?rst predetermined operating condition com 
posed of a plurality of engine and vehicle operating 
conditions; 

counting a ?rst detecting time during which the ?rst 
predetermined operating condition is detected; 

detecting a ?rst fuel injection amount each time the ?rst 
predetermined operating condition is detected and 
accumulating the ?rst fuel injection amount; 

detecting a ?rst throttle opening degree each time the ?rst 
predetermined operating condition is detected and 
accumulating the ?rst throttle opening degree; 

detecting second predetermined operating condition com 
posed of a plurality of engine and vehicle operating 
conditions some or all of which are different from 
engine and vehicle operating conditions of the ?rst 
predetermined operating condition; 

counting a second detecting time during which the second 
predetermined operating condition is detected; 

detecting a second fuel injection amount each time said 
second predetermined operating condition is detected 
and accumulating the second fuel injection amount; 

detecting a second throttle opening degree each time the 
second predetermined operating condition is detected 
and accumulating the second throttle opening degree; 

obtaining a ?rst average fuel injection amount by means 
of dividing the accumulated ?rst fuel injection amount 
by the ?rst detecting time when both of the ?rst 
detecting time and the second detecting time reach a 
predetermined time; 

obtaining a ?rst average throttle opening degree by means 
of dividing the accumulated ?rst throttle opening 
degree by the ?rst detecting time when both of the ?rst 
detecting time and the second detecting time reach a 
predetermined time; 

obtaining a second average fuel injection amount by 
means of dividing the accumulated second fuel injec 
tion amount by the second detecting time when both of 
the ?rst detecting time and the second detecting time 
reach a predetermined time; 

obtaining a second average throttle opening degree by 
means of dividing the accumulated second throttle 
opening degree by said second detecting time when 
both of the ?rst detecting time and the second detecting 
time reach a predetermined time; 

calculating a ratio of the ?rst average fuel injection 
amount versus the ?rst average throttle opening angle 
and designating the ratio as a ?rst parameter; 

calculating a ratio of the second average fuel injection 
amount versus the second average throttle opening 
angle and designating the ratio as a second parameter; 

calculating a ratio of the ?rst average fuel injection 
amount versus the second average throttle opening 
angle and designating the ratio as a third parameter; 

calculating a ratio of the second average fuel injection 
amount versus the ?rst average throttle opening angle 
and designating the ratio as a fourth parameter; 

calculating a weighted mean of the ?rst parameter, the 
second parameter, the third parameter and the fourth 
parameter by multiplying an appropriate weight factor 
to each of the ?rst, second, third and fourth parameters 
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4 
respectively and designating the weighted mean as a 
determination parameter; and 

judging whether or not the engine is operated in high 
altitude from a relationship of the determination param' 
eter with an altitude in which the engine is operated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?owchart showing a main routine for deter 
mining an air density according to an embodiment of the 
present invention; 

FIG. 2 is a ?owchart showing a routine for calculating a 
determination parameter of an air density according to an 
embodiment of the present invention; 

FIG. 3 is a diagram showing a relationship between 
determination parameter of an air density and an actual air 
density; and 

FIG. 4 is a schematic view showing an engine control 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to the accompanying drawings, an embodi 
ment according to the present invention is described in 
FIGS. 1 to 4. 

FIG. 4 shows a schematic diagram showing an engine (a 
horizontally opposed four cylinders engine is shown herein) 
and an engine control system in which a numeral 1 denotes 
an engine and a numeral 2 shows a cylinder head. An intake 
manifold 3 is connected to an intake port formed in the 
cylinder head 2. 
The intake manifold 3 is connected to a throttle chamber 

5 via an air chamber 4. The throttle chamber 5 is provided 
with a throttle valve 5a and an air cleaner 7 is disposed 
upstream of the throttle chamber 5 via an intake air duct 6. 
Further, a resonator 8 is disposed upstream of the air cleaner 
7. 

An exhaust manifold 9 is connected to each of exhaust 
ports formed in the cylinder head 2 and a catalytic converter 
10 is provided at a junction of the exhaust manifold 9. 
Further, from the catalytic converter 10 an exhaust pipe 11 
extends to a muf?er 12. 

The engine 1 is provided with miscellaneous actuators 
and sensors mentioned hereinafter for controlling the engine 
1. These actuators and sensors are connected to an electronic 
control unit 25 which will be described hereinafter. Speci? 
cally, a fuel injector 13 is arranged immediately upstream of 
the intake port of each cylinder and a throttle sensor 14 is 
coupled with the throttle valve 5a. Further, an air flow sensor 
(an air flow sensor of the hot wire type is shown herein) 15 
is provided immediately downstream of the air cleaner 7 and 
a coolant temperature sensor 17 is also provided in a coolant 
passage 16 which communicates the right and left bank of a 
cylinder block 1a of the engine 1. 

Furthermore, a crank rotor 18 is coaxially coupled with a 
crank shaft 1b which is rotationally mounted on the cylinder 
block 1a and a crank angle sensor 19 (in FIG. 4, an 
electromagnetic type of the crank angle sensor is provided 
so as to detect a protrusion or a slit provided on the periphery 
of the crank rotor 18 at the position corresponding to a given 
crank angle) is mounted adjacent to the periphery of the 
crank rotor 18. Further, an oxygen (02) sensor 20 is mounted 
at the junction of the exhaust manifold 9. 
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On the other hand, a numeral 25 shows an electronic 
control unit (ECU) which comprises a CPU 26, a ROM 27, 
a RAM 28, a backup RAM 29, and an I/O interface 30 
connecting altogether via a bus line. The ECU 25 is con~ 
nected to aforementioned actuators, sensors and rniscella‘ 
neous switches not shown herein in order to control the 
engine 1. 

That is to say, the throttle sensor 14, the air ?ow sensor 15, 
the coolant temperature sensor 17, the crank angle sensor 19, 
the O2 sensor, the vehicle speed sensor 21, and other sensors 
and switches not shown in this ?gure are connected to an 
input port of the I/O interface 30, and on the other hand, the 
actuators like the fuel injector 13 are connected to an output 
port of the I/O interface 30 via a driver circuit 31. 

The ?xed data for miscellaneous controls, such as control 
programs and tables are memorized in the ROM 27, and the 
output signals of above sensors or switches and the data 
calculated by the CPU 26 are memorized in the RAM 28, 
Further, in the backup RAM 29, the trouble codes for 
self-diagnosis are stored so as to be held even after the ECU 
25 is deenergized. In the CPU 26, the fuel injection amount, 
the ignition timing and other control parameters are calcu— 
lated according to the control programs stored in the ROM 
27. Further, in the CPU 26, the parameters representing the 
air density of the induction air are calculated too. 

Next, it will be described how the ECU 25 operates in 
calculating the air density of the induction air. 
When a motor vehicle runs in high altitude where the air 

density is low, a throttle opening angle must be increased to 
obtain the same power as in low altitude because the mass 
?ow of the induction air becomes small at the same throttle 
opening angle due to a lowered charging e?iciency of the 
engine in high altitude. Considering that this increased 
amount of the throttle opening degree comes from a reduced 
air density, it is easily understood that there is a distinct 
relationship among the air density, the engine power and the 
throttle opening angle. The engine power can be digitized as 
a fuel injection amount TP and the fuel injection amount TI, 
is expressed as: 

Tp=KXPAxQA/N£ (1) 

where K is a constant, p A is an air density, Q, is air volume, 
and N E is an engine revolution number. Further, in the above 
formula, QA/NE represents an intake air volume per one 
engine revolution, namely a throttle opening angle ALP of 
that time. 

Consequently, it is basically understood that the value of 
the basic fuel injection amount Tp divided by the throttle 
opening degree ALP has a correlation with the air density p A 
of the intake air. 

In order to raise a precision in estimating the air density 
pA, it is of importance to ?nd a parameter having a high 
correlation with the real air density p A. In this embodiment, 
this parameter is referred to as a determination parameter 
H5. Further, in the method for air density estimation accord 
ing to a preferred embodiment, a plurality of approximation 
parameters scattered around the determination parameter H5 
are to be calculated ?rst before H5 is obtained. Then the 
determination parameter H5 is calculated by averaging all 
these approximation parameters. 

In this embodiment, four approximation parameters, 
namely H1, H2, H3 and H4 are determined. 

Referring to the ?ow charts in FIG. 1 and FIG. 2, it will 
be described hereinafter how the approximation parameters 
are calculated, how the determination parameter is obtained, 
and how the air density is determined ?nally. 
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6 
A ?ow chart in FIG. 1 shows a basic routine for estimating 

an air density, in which at a step S101 it is investigated 
whether or not the engine operating condition is in a ?rst 
predetermined condition. An example of the ?rst predeter 
mined condition is established as follows: 

(a) TWS>40 degrees centigrade 
(b) 2.5 msec<TP<5.0 msec 
(c) 30.0 degrees<ALP<8l.6 degrees (WOT) 
(d) 20 krnlh<V<120 km/h 
(e) 1600 rpm<NE<5000 rpm 

where TWS is a coolant temperature at the engine start, TI, 
is a basic ?rel injection amount, ALP is a throttle opening 
angle, V is a vehicle speed, and NE is an engine rotational 
speed. 

If the ?rst condition is satis?ed, that is to say, all of the 
conditions from (a) to (e) are met, the program steps to S102 
where a cumulative value TPP1 is produced by adding a 
basic fuel injection amount TI, to the previous cumulative 
value TPP1 (TPP1=TPP1+T,,: an initial value of TPP1 is set 
to be 0) . At the next step S103 a cumulative value AL1 is 
produced by adding throttle opening angle ALP of that 
moment to the previous cumulative value AL1 (AL1:AL1+ 
ALP: an initial value of AL1 is set to be 0) then the program 
goes to S104 at which a cumulative sampling time T1 is 
obtained by adding a data sampling time T to the previous 
cumulative time T1 (T1=T1+T: an initial value of T1 is set 
to be 0). 
On the other hand, if the engine is not judged to be in a 

?rst predetermined condition at S101, the program is 
diverted to S106 where it is checked whether or not the 
engine is in a second predetermined condition. This second 
predetermined condition is determined differently from the 
?rst predetermined condition with respect to any or all of the 
conditions from (a) to (e). For example, the condition (0) 
may be replaced with a condition 10.0 degrees<ALP< 81.6 
degrees (WOT) and other conditions may not be changed. 

If the engine is judged to be in the second predetermined 
condition at S106, the program goes to S107 where a 
cumulative value TPP2 is produced by adding a basic fuel 
injection amount T, to the previous cumulative value TPP2 
(TPP2=TPP2+TI,: an initial value of TPP2 is set to be 0). At 
the next step S108 a cumulative value AL2 is produced by 
adding a throttle opening angle ALP of that moment to the 
previous cumulative value AL2 (AL2:AL2+ALP: an initial 
value of AL2 is set to be 0) then the program goes to S109 
at which a cumulative sampling time T2 is obtained by 
adding a data sampling time T to the previous cumulative 
time T2 (T2: T2+T: an initial value of T2 is set to be 0). 
On the other hand, if the engine is not in the second 

condition at S106, the program goes back to $101 and the 
same process is repeated. 
At S110 it is judged whether the cumulative sampling 

time T1 or T2 reach a predetermined time T0 or not. If T1 
or T2 do not reach T0, the process returns to S101 and if T1 
or T2 reach T0, the process steps to S111 where the fuel 
injection amount TPP and the throttle opening angle AL are 
averaged by the sampling time T. Namely, when the engine 
is in the ?rst predetermined condition, at S111 each of the 
cumulative value TPP1 and AL1 within a sampling time T1 
is divided by the total sampling time T1 to produce an 
average basic fuel injection amount TPM1 and an average 
throttle opening angle ALPMl at the ?rst engine operating 
condition, respectively. When the engine is in the second 
predetermined condition, TPP2 and AL2 are divided by T2 
to produce an average basic fuel injection amount TPM2 and 
an average throttle opening angle ALPM2 at the second 
engine operating condition. 
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Then, the program goes to S112 where a subroutine 
shown in FIG. 2 is carried out to produce a determination 
parameter H5 for determining an actual air density. In S201 
of this subroutine the approximation parameters H1, H2, H3 
and H4 as shown in following formulas (2) through (5) are 
calculated. With respect to the approximation parameters, it 
is necessary to calculate at least two ones among H1, H2, H3 
and H4. 

H4=TPM2"/ALPM1'" (5) 

where n and m are integers. 
In the above formulas, H1 is a ratio of the “n”th power of 

the average basic fuel injectin amount TPMl versus the 
“m”th power of the average throttle opening angle ALPMI, 
when the engine is in the ?rst predetermined condition. 
Similarly, H2 is a ratio of the “n”th power of the average 
basic fuel injectin amount TPM2 versus the “m”th power of 
the average throttle opening angle ALPM2, when the engine 
is in the second predetermined condition. Further, H3 is a 
ratio of the “n”th power of the average basic fuel injectin 
amount TPMl at the ?rst predetermined condition versus the 
“m”th power of the average throttle opening angle ALPM2 
at the second predetermined condition. Further similarly, H4 
is a ratio of the “n”th power of the average basic fuel injectin 
amount TPM2 at the second predetermined condition versus 
the “m”th power of the average throttle opening angle 
ALPMl at the ?rst predetermined condition. 
Each of above approximation parameters themselves rep 

resents a value corresponding to the actual air density, 
therefore these values can be used for determining an air 
density or judging a high altitude condition. However, in this 
embodiment of the present invention in order to raise a 
precision of determination, a parameter H5 (determination 
parameter) denoting a weighted mean of H1, H2, H3 and H4 
is calculated at S202 according to the following equation (6). 

where m1, m2, m3 and 1114 are a weight factor respectively. 
It has been experimentally con?rmed that the determina 

tion parameter H5 thus obtained has such a relationship with 
the actual air density pA as shown in FIG. 3. The actual air 
density p A can be estimated by referring to a map memo 
rizing this relationship in the ROM 27 or by calculating a 
formula which represents this relationship. 

For example, in calculating the determination parameter 
H5 using the approximation parameters H2 and H3, when 
setting n=3 and m=l in formulas (3) and (4), H2 and H3 are: 

H2=TPM23lALPM2 (7) 

H3=TPM13/ALPM2 (8) 

Further, when setting m2=6 and m3 =1 in the formula (6), a 
determination parameter H5 is calculated as follows: 

H5=(H2><6+H3X1)l7 (9) 

After the determination parameter H5 is calculated, at 
S113 the cumulative time T1 and T2 are reset (set to be 0). 
Then the program steps to S114 where the actual air density 
p A is determined by referring to the map or by calculating 
the formula. 
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8 
Since the fuel injection amount is controlled according to 

the air density pA thus obtained, the engine is always 
operated properly in any altitude without causing a poor 
performance, a poor fuel economy or hard engine startings. 

Instead of determining the actual air density p,, at S114, 
a threshold may be established in the determination param 
eter H5 in order to use the threshold from which the vehicle 
is judged to be operated in high altitude. 

In summary, since the air density determining method 
according to the present invention can always provide an 
accurate air density without employing a costly altitude 
sensor, a low cost and highly reliable engine control system 
can be obtained. 

While the presently preferred embodiment of the present 
invention has been shown and described, it is to be under 
stood that this disclosure is for the purpose of illustration and 
that various changes and modi?cations may be made with 
out departing from the scope of the invention as set forth in 
the appended claims. 

I claim: 
1. A method of determining the air density of intake air 

admitted to an operating automotive engine, said engine 
including an electronically controlled fuel injection system 
and a throttle valve for adjusting an amount of said intake 
air, the method comprising: 

operating said engine in a vehicle; 
detecting a ?rst predetermined operating condition com 

posed of a plurality of engine and vehicle operating 
conditions; 

counting a ?rst detecting time during which said ?rst 
predetermined operating condition is detected; 

detecting a ?rst fuel injection amount each time said ?rst 
predetermined operating condition is detected and 
accumulating said ?rst ?iel injection amount; 

detecting a ?rst throttle opening degree each time said 
?rst predetermined operating condition is detected and 
accumulating said ?rst throttle opening degree; 

detecting a second predetermined operating condition 
composed of a plurality of engine and vehicle operating 
conditions some or all of which are different from 
engine and vehicle operating conditions of said ?rst 
predetermined operating condition; 

counting a second detecting time during which said 
second predetermined operating condition is detected; 

detecting a second fuel injection amount each time said 
second predetermined operating condition is detected 
and accumulating said second fuel injection amount; 

detecting a second throttle opening degree each time said 
second predetermined operating condition is detected 
and accumulating said second throttle opening degree; 

obtaining a ?rst average fuel injection amount by means 
of dividing said accumulated ?rst fuel injection amount 
by said ?rst detecting time when both of said ?rst 
detecting time and said second detecting time reach a 
predetermined time; 

obtaining a ?rst average fuel throttle opening degree by 
means of dividing said accumulated ?rst throttle open 
ing degree by said ?rst detecting time when both of said 
?rst detecting time and said second detecting time 
reach a predetermined time; 

obtaining a second average fuel injection amount by 
means of dividing said accumulated second fuel injec 
tion amount by said second detecting time when both of 
said ?rst detecting time and second detecting time 
reach a predetermined time; 
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obtaining a second average throttle opening degree by 
means of dividing said accumulated second throttle 
opening degree by said second detecting time when 
both of said ?rst detecting time and second detecting 
time reach a predetermined time; 

calculating a ?rst parameter which is a ratio of said ?rst 
average fuel injection amount versus said ?rst average 
throttle opening angle; 

calculating a second parameter which is a ratio of said 
second average fuel injection amount versus said sec 
ond average throttle opening angle; 

calculating a third parameter which is a ratio of said ?rst 
average fuel injection amount versus said second aver 
age throttle opening angle; 

calculating a fourth parameter which is a ratio of said 
second average fuel injection amount versus said ?rst 
average throttle opening angle; 

calculating a determination parameter which is a weighted 
mean of said ?rst parameter, said second parameter, 
said third parameter and said fourth parameter by 
multiplying an appropriate weight factor to each of said 
?rst, second, third and fourth parameters respectively; 
and 

determining air density of induction air by referring to a 
map parameterizing said air density and said detemii 
nation parameter and controlling the amount of fuel 
injection based on said air density by changing the 
amount of fuel injection according to said air density. 

2. The method according to claim 1, further comprising 
calculating a predetermined “n”th power of said ?rst average 
fuel injection amount; 

computing a predetermined “m”th power of said ?rst 
average throttle opening degree; and 

said ?rst parameter is a ratio of said “n”th power and said 
“m”th power. 

3. The method according to claim 1, further comprising 
calculating a predetermined “n”th power of said second 

average fuel injection amount; 
computing a predetermined “m”th power of said second 

average throttle opening degree; and 
said second parameter calculation includes a ratio of the 

“n”th power of said second average fuel injection 
amount versus the “m”th power of said second average 
throttle opening degree. 

4. The method according to claim 1, further comprising 
calculating a predetermined “n”th power of said ?rst 

average fuel injection amount; 
computing a predetermined “m”th power of said second 

average throttle opening degree; and 
said third parameter calculation includes a ratio of the 

“n”th power of said ?rst average fuel injection amount 
versus the “m”th power of said second average throttle 
opening degree. 

5. The method according to claim 1 further comprising 
calculating a predetermined “n”th power of said second 

average fuel injection amount; 
computing a predetermined “m”th power of said ?rst 

average throttle opening degree; and 
said fourth parameter calculation includes a ratio of the 

“n”th power of said second average fuel injection 
amount versus the “m”th power of said ?rst average 
throttle opening degree. 

6. The method according to claim 1, wherein 
said determination parameter calculation is based on at 

least two parameters among said ?rst, second, third and 
fourth parameters. 
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7. A method of judging whether an engine is operated at 

a high altitude by determining the air density of intake air 
admitted to said engine having, an electronically controlled 
fuel injection system and a throttle valve for adjusting an 
amount of said intake air, the method comprising: 

operating said engine in a vehicle; 

detecting a ?rst predetermined operating condition com 
posed of a plurality of engine and vehicle operating 
conditions; 

counting a ?rst detecting time during which said ?rst 
predetermined operating condition is detected; 

detecting a ?rst fuel injection amount each time said ?rst 
predetermined operating condition is detected and 
accumulating said ?rst fuel injection amount; 

detecting a ?rst throttle opening degree each time said 
?rst predetermined operating condition is detected and 
accumulating said ?rst throttle opening degree; 

detecting a second predetermined operating condition 
composed of a plurality of engine and vehicle operating 
conditions some or all of which are different from 

engine and vehicle operating conditions of said ?rst 
predetemiined operating condition; 

counting a second detecting time during which said 
second predetermined operating condition is detected; 

detecting a second fuel injection amount each time said 
second predetermined operating condition is detected 
and accumulating said second fuel injection amount; 

detecting a second throttle opening degree each time said 
second predetermined operating condition is detected 
and accumulating said second throttle opening degree; 

obtaining a ?rst average fuel injection amount by means 
of dividing said accumulated ?rst fuel injection amount 
by said ?rst detecting time when both of said ?rst 
detecting time and said second detecting time reach a 
predetermined time; 

obtaining a ?rst average throttle opening degree by means 
of dividing said accumulated ?rst throttle opening 
degree by said ?rst detecting time when both of said 
?rst detecting time and said second detecting time 
reach a predetermined time; 

obtaining a second average fuel injection amount by 
means of dividing said accumulated second fuel injec 
tion amount by said second detecting time when both of 
said ?rst detecting time and said second detecting time 
reach a predetermined time; 

obtaining a second average throttle opening degree by 
means of dividing said accumulated second throttle 
opening degree by said second detecting time when 
both of said ?rst detecting time and said second detect 
ing time reach a predetemrined time; 

calculating a ?rst parameter which is a ratio of said ?rst 
average fuel injection amount versus said ?rst average 
throttle opening angle; 

calculating a second parameter which is a ratio of said 
second average fuel injection amount versus said sec 
ond average throttle opening angle; 

calculating a third parameter which is a ratio of said ?rst 
average fuel injection amount versus said second aver 
age throttle opening angle; ' 
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calculating a fourth parameter which is a ratio of said 
second average fuel injection amount versus said ?rst 
average throttle opening angle; 

calculating a determination parameter which is a weighted 
mean of said ?rst parameter, said second parameter, 
said third parameter and said fourth parameter by 
multiplying an appropriate weight factor to each of said 
?rst, second, third and fourth parameters respectively; 
and 

judging whether said engine is operated at a higher 
altitude from a relationship of said determination 
parameter with an altitude in which said engine is 
operated and controlling said amount of fuel injection 
based on said determination parameter by changing 
said amount of fuel injection according to said deter— 
mination parameter. 

8. The method according to claim 7, wherein 
said ?rst parameter calculation includes a ratio of the 

“n”th power of said ?rst average fuel injection amount 
versus the “m”th power of said ?rst average throttle 
opening degree. 
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9. The method according to claim 7, wherein 
said second parameter calculation includes a ratio of the 

“n”th power of said second average fuel injection 
amount versus the “m”th power of said second average 
throttle opening degree. 

10. The method according to claim 7, wherein 
said third parameter calculation includes a ratio of the 

“n”th power of said ?rst average fuel injection amount 
versus the “m”th power of said second average throttle 
opening degree. 

11. The method according to claim 7, wherein 
said fourth parameter calculation includes a ratio of the 

“n”th power of said second average fuel injection 
amount versus the “m”th power of said ?rst average 
throttle opening degree. 

12. The method according to claim 7, wherein 
said determination parameter calculation is based on at 

least two parameters among said ?rst, second, third and 
fourth parameters. 


